ABSTRACT: Survivability, growth performance and nutrient composition of the African Palm weevil (APW) (Rhyncophorus phoenicis) reared on four different substrates was investigated following earlier finding that Sugar cane tops (SCT) and Spoilt water melon (SWM) could be useful in captive rearing of the weevil. This necessitated a search into other waste fruits that could be used as media for rearing of APW as their infestation of oil and raffia palm is not only unfriendly to the environment but also wastage of economic resources. The growth and nutrient composition of the larvae in three waste fruits (Not rotten but not fit for human consumption): Spoilt Water Melon (SWM), Ripe Paw paw (RPP), Spoilt Pine apple (SPA) and Sugarcane tops (SCT: Off Cut from the tip of sugarcane) were compared in this study. One hundred and twenty newly emerged APW larvae of similar weights collected from "Mgbo swamp" in Ebenebe town, Anambra State, Nigeria, were used for the study which lasted for ten weeks. Thirty larvae were randomly assigned to each of the treatments (Culture media). The experiment was designed on a 4 x 3 Completely Randomized Designed, whereby each treatment had 30 APW larvae in three replicates of 10 larvae per replicate. The larvae were housed in plastic bowls of 30cm diameter and 40cm height. The bottom part of each bowl was perforated to let out moisture and the top covered with mosquito net to avoid flies. The substrates in each housing unit were removed and replaced with fresh ones on weekly basis to minimize microbial attack. Survivability, growth performance in terms of weight gain and increase in linear body measurements within 10 weeks were monitored and used as indices of the suitability of each of the culture media. At the end of the experiment three larvae were randomly selected from each replicate and taken to the Biochemistry Department Laboratory, Nnamdi Azikiwe University, Awka for proximate analysis. The result of statistical analysis showed that percent survivability was highest in Sugar cane top (96.7%) and least in larva reared on Ripe Paw paws (66.7%). The body weight and linear body measurement followed the same trend with those on SCT and SWM having the highest body weight increase of 4.13 + 0.11 g and 4.11 + 0.31 g respectively, while the ones on RPP had the least body weight increase of 2.7 + 0.06 g. For the body length increase, the larva reared on SCT recorded 2.0 + 1.3 cm, those on SWM recorded 1.8 + 0.23 cm and the ones on RPP had the least body length increase of 0.9 + 0.1 cm. However, the crude protein percent of the larvae reared on SPA was highest (25.90%), followed by those on SCT (22.50%) and those on RPP recorded the least crude protein content of 21.25%. It is therefore recommended that Discarded/Spoilt water melon, Sugar cane tops and discarded ripe pineapple be used in the rearing of the larvae up to 10 weeks or before pupation.
INTRODUCTION
Insect protein has remained an unharnessed animal protein source (Ebenebe and Okpoko, 2015a) necessary to improve animal protein supply and consumption especially for animal protein deficient country like Nigeria. Mmadubuike (2000) showed the apparent failure of conventional meat protein in meeting animal protein needs in the country. Okoro (2000) reported animal protein intake in Nigeria to be 7 to10 g/person/day against the recommended 34 g/person/day (FAO 1991) . Ebenebe and Okpoko (2015) posited that edible insect farming and consumption (entomophagy) can be a major strategy for reducing animal protein deficiency in the country. Nutritional and other health benefits of edible insect has been documented by many authors ( (Ekpo and Onigbinde 2004 , Banjo et al., 2006 , Ebenebe et al., 2007 , Edijala et al., 2009 . Edible insect consumption has been reported in most parts of Africa, Asia, America and even Europe. FAO/ WUR (2013) outlined common insects consumed globally, including beetles, grasshoppers, locusts and crickets. Consumption of larva of many insects has also been documented. FAO (2003) reported consumption of mopane caterpillar (Imbrasia belina) in Angola, Botswana, Mozambique, Namibia, South Africa, Zambia and Zimbabwe. Malaisse (1997) identified 38 different species of caterpillar consumed across the Democratic Republic of Congo, Zambia and Zimbabwe.
However, in most African countries, the unsustainable practice of wild collection, characterized by low yield and seasonality problems has remained the only means of harvesting the insects. For insects like APW collected from raffia palms (Plates 1 and 2) beside water bodies (river, stream, lakes), there is an environmentally orchestrated seasonality as the river banks are often flooded and make the swamps inaccessible when it rains. There is a need for alternative means of culturing the insects outside its natural habitat to ensure year round supply. Hoddle (2013) described two methods of rearing Red palm weevil (R. ferrugineus) in Thailand: one involved grinding of the palm trunk and rearing the weevil in containers filled with ground palm log materials, the other involved direct use of the palm trunk , the methods though successful involved felling down of palm trees and therefore appears environmentally unfriendly. The method of mass rearing described by Kaakeh et al. (2001) for R. ferrugineus in the United Arab Emirate and the meridic diet for multiplication of R. ferrugineus by ElShafie et al. (2013) involved costly ingredients and appear too technical for the rural households in Africa and Nigeria in particular. Other authors have also described techniques for rearing of some weevil species (Giblin Davies et al., 2013; Bong et al., 2008 and Shashma et al., 2009 ). However, the use of agricultural waste for rearing of R. phoenicis is more tenable in Africa. Ebenebe and Okpoko (2016) reported the rearing of APW in eight different substrates (agricultural wastes) in Nigeria and discovered that the larva can survive in spoilt water melon and sugar cane. This study therefore assesses the survivability, nutrient composition and growth performance of the larva in sugar cane and three different fruits used as culture media (Substrates).
MATERIALS AND METHODS
The study was carried out at the Biological Conservation o 4' 0" East. One hundred and twenty African Palm Weevil (APM) Rhyncophorus phoenicis of similar weight were hand-picked from rotting raffia palms at "Mgbo area" of Ebenebe town in Awka North Local Government of Anambra State were used in this study.
The larvae were identified using the key provided by Giblin-Davies et al. (2013) who reported acutely tapered scutellum to be a distinguishing characteristic that differentiates R. phoenicis from other Rhyncophorus species (Plate3a). They also reported that the male is differentiated from the female using the length of the rostrum and presence or absence of tuft of hairs on the rostrum. Longer, curved rostrum without tuft of hairs identified female (Plate3b) while shorter less curved rostrum identified the male (Plate 3c).
Four alternative substrates mainly agricultural waste (Plate 4) were used for the study: 
Spoilt Water Melon (SWM) (Citrullus lanatus).
3. Spoilt Pineapple (Ananascomosus) (800,000 metric tons/year produced in Nigeria (Makinde et al., 2011) . 4. Paw paw (Carica papaya). Ripe pawpaw fruits are very perishable, and large quantities are disposed off yearly due to lack of or poor storage facilities (Awe 2011; Nwofia and Okwu 2012) .
The experiment was designed using 4 x 3 Completely Randomized Design (CRD) whereby each of the four experimental units containing each of the respective culture media were replicated three times. Each replicate comprised ten larvae (10) with initial weight ranging from 4.11 to 4.24 g (Note: Dyar's rule on the instar stages is yet to be conventionally established as it relates to the Rhyncophorus phoenicis) making 30 larvae per experimental unit (Each of the waste was placed in Plate 1. APW crawling out of the natural habitat : The raffia palm.
Plate 2. Larva in the chewed up trunk of Raffia palm.
plastic bowls of 30 cm diameters and height of 40 cm perforated at the bottom to let out moisture (these were later changed to sieves of the same size to facilitate draining of the moisture). The top of each bowl was covered with mosquito net to keep away insects and other parasites. Each bowl was kept on top of a bucket to collect juice or pulp resulting from feeding activity of the grub on the substrate. Fresh substrates (1 kilo/day) were used to replace old ones in each bowl every week to minimize accumulation of microbes and other parasites. During the 10 week period of the experiment, survivability was monitored by counting and recording number of larva alive in each substrate and taking record of mortality. The weight was monitored on weekly basis using Spring balance of brand name Labtech (R) with model No BL7501 to the nearest 0 .01 g while body length and width were taken to the nearest 0.01 cm on weekly basis using meter rule (Bong et al., 2008 and OEPP/EPPO 2007 also reported linear body measurements of the palm weevil). At the on-set of the experiment, samples of the substrates were taken to the Biochemistry Department of Nnamdi Azikiwe University, Awka, for proximate analysis and at the end of the ten weeks period of the trial, nine samples of the larva (three from each replicate) were randomly picked and taken to the Biochemistry Department of Nnamdi Azikiwe University for proximate analysis to assess the effect of the substrate on the nutrient composition of the larva. Data generated on the weight and linear body measurement were analyzed using ANOVA for CRD while means were separated using Least Significant Difference (Little and Hills, 1978) .
RESULT AND DISCUSSION

Proximate composition of four different substrates
The result of proximate composition of four different substrates is presented in Plate 5b. larva shred sugar cane to pieces.
Plate 5c. Larva about to undergo pupation.
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Plate 5d. Pupa in sugar cane top.
Plate 6. Larvae Boring into Spoilt water Melon (SWM) (Citrullus lanatus).
8.25% (Braide and Nwaoguikpe, 2011) and 20.36% by Ekop et al. (2006) .
Survivability
Result of survivability of the larva in each of the four substrates on trial is presented on the basis of weekly record in Figure 2 and percentage survivability in Figure  3 . The result showed that percent survivability was However, literature report on rearing of the larva in any of these substrates and their percent survivability in such substrates is scarce. It appears that the SCT has textural characteristics and nutrient content similar to the raffia palm. Akpabio et al. (2012) reported the nutritional composition of exudates produced by puncturing of the raffia palm trunk to be rich in carbohydrate (85.4%) and calorific value of (375 kcal/100g) as well as high content of mineral (mg/100g) of the exudates to include Calcium (55.31), Magnesium (26.60), Sodium (23.63), Potassium (20.95), Manganese (8.54), Cobalt (4.77) and Iron (4.57). High Sodium content of the raffia palm pith was also reported by Reynolds et al. (2009) . For the Sugar cane Malik (2016) reported 111.13 kJ (26.56 kcal) Energy, 27.51 g Carbohydrates, 0.27 g Protein, 11.23 mg Calcium (1%), Iron 0.37 mg (3%), Potassium41.96 mg (1%), Sodium 17.01 mg (1%). The rich energy, mineral and similar textural characteristics of the sugar cane in relation to the raffia palm pith may be responsible for the better performance of the weevil in SCT.
Growth Performance
The body measurements of APW larvae reared on four different substrates are presented in Table 3 .The range of Mean body weight of APW larva (6.94 + 1.04 to 8.33 + 1.10 g), mean body length (4.47 + 1.00 to 5.60 + 0.90 cm) and body width (1.75 + 1.21 to 1.95 + 1.12 cm) obtained in this study is comparable to other findings on the weight, body length and body width of the larvae obtained from its natural habitat i.e. the raffia palm. Tambe et al. (2013) reported weight range of 3.67 to 4.26 g and average body length of 1.09 mm and width of 0.43 mm for Rhyncophorus phoenicis reared in the Southwest Cameroun. Adeyeye and Aye (2008) reported mean body weight of 15.7 g, mean body length of 9.47 cm and mean body diameter of 2.0 cm for Rhyncophorus phoenicis collected from raffia palm in Ekiti State, Nigeria. Bong et al. (2008) 
Conclusion
Alternative means of culturing edible insect remains a panacea to its sustainability and increased productivity. This research has established the possibility of rearing the African Palm weevil larva on spoilt fruits or fruit wastes. Further studies will now be undertaken to assess any further fortification of the waste fruit that will improve the growth and pupation of the larva in captivity. Besides, the growth changes of the larvae will be monitored alongside the moulting process to assess compliance/non-compliance with Dyar's law.
